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ABSTRACT  Sand  flies  collected  between  April  2003  and  N ovember  2004  at  Tallil  Air  Base,  Iraq,  were 
evaluated  for  the  presence  of  Leishmania  parasites  using  a  combination  of  a  real-time  Leishmania- 
generic  polymerase  chain  reaction  (PCR)  assay  and  sequencing  of  a  360-bp  fragment  of  the  glucose- 
6-phosphate-isomerase  (GPI)  gene.  A  total  of 2,505  pools  containing  26,574  sand  flies  were  tested  using 
the  real-time  PCR  assay.  Leishmania  DNA  was  initially  detected  in  536  pools;  however,  after  extensive 
retesting  with  the  real-time  PCR  assay,  a  total  of  456  pools  were  considered  positive  and  80  were 
considered  indeterminate.  A  total  of  532  samples  were  evaluated  for  Leishmania  GPI  by  sequencing, 
to  include  439  PCR-positive  samples,  80  PCR-indeterminate  samples,  and  13  PCR-negative  samples. 
Leishmania  GPI  was  detected  in  284  samples  that  were  sequenced,  to  include  281  (64%)  of  the 
PCR-positive  samples  and  3  (4%)  of  the  PCR-indeterminate  samples.  Of  the  284  sequences  identified 
as  Leishmania,  261  (91.9%)  were  L.  tarentolae,  18  (6.3%)  were  L.  donovani-complex  parasites,  3  (1.1%) 
were  L.  tropica,  and  2  were  similar  to  both  L.  major  and  L.  tropica.  Minimum  field  infection  rates  were 
0.09%  for  L.  donovani-complex  parasites,  0.02%  for  L.  tropica,  and  0.01%  for  the  L.  inajor/tropica-lilse 
parasite.  Subsequent  sequencing  of  a  600-bp  region  of  the  “Hyper”  gene  of  12  of  the  L.  donovani- 
complex  parasites  showed  that  all  12  parasites  were  L.  infantum.  These  data  suggest  that  L.  infantum 
was  the  primary  leishmanial  threat  to  U.S.  military  personnel  deployed  to  Tallil  Air  Base.  The 
implications  of  these  findings  are  discussed. 
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The  prevention  of  infectious  diseases  that  could  im¬ 
pact  on  military  operations  is  a  key  tenet  of  military 
medicine.  During  contingency  operations  (e.g.,  wars, 
peace-keeping  missions,  and  humanitarian  missions), 
the  U.S.  military  routinely  deploys  specialized  medical 
units  that  are  capable  of  assessing  the  infectious  dis¬ 
ease  threat,  and,  if  warranted,  implementing  programs 
to  protect  our  forces  from  these  diseases.  Units  that  are 
primarily  responsible  for  assessing  the  infectious  dis- 
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ease  threat  include  Army  Area  Medical  Laboratories, 
Navy  Forward-Deployed  Preventive  Medicine  Units, 
and  Air  Force  Biological  Assessment  Teams.  Once  an 
infectious  disease  threat  has  been  identified.  Army, 
Navy,  and  Air  Force  Preventive  Medicine  Units  are 
responsible  for  implementing  prevention  and  control 
programs. 

Historically,  leishmaniasis  has  been  a  major  cause  of 
infectious  disease  morbidity  among  military  personnel 
deployed  to  the  Middle  East  (Kinnamon  et  al.  1979). 
During  World  War  II,  1,000-1,500  cases  of  cutaneous 
leishmaniasis  and  50-75  cases  of  visceral  leishmaniasis 
occurred  in  allied  forces  in  the  Middle  East  (Most 
1968),  During  Operation  Desert  Storm,  20  cases  of 
cutaneous  leishmaniasis  and  12  cases  of  viscerotropic 
leishmaniasis  were  diagnosed  in  the  697,000  allied  ser¬ 
vice  members  deployed  to  the  Arabian  Peninsula  in 
1990  and  1991  (Magill  et  al.  1993,  Martin  et  al,  1998). 
Most  recently,  an  outbreak  of  cutaneous  leishmaniasis 
caused  by  Leishmania  major  Yakimoff  and  Schokhor 
occurred  in  U.S.  military  personnel  deployed  to  Iraq 
during  Operation  Iraqi  Freedom  (Centers  for  Disease 
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Control  and  Prevention  2003,  2004;  Pehoushek  et  al. 
2004).  As  of  November  2004, 1,178  cases  of  cutaneous 
leishmaniasis  had  been  identified  in  U.S.  military  per¬ 
sonnel  (Lay  2004).  However,  this  is  probably  an  un¬ 
derestimate,  and  the  actual  number  of  cases  as  of 
January  2009  was  estimated  to  be  between  3,000  and 
5,000  cases  (COL  P.  Weina,  personal  communica¬ 
tion). 

A  variety  of  methods  have  been  used  for  the  de¬ 
tection  and  identification  of  Leishmania  parasites  in 
sand  flies.  One  of  the  earliest  methods  was  the  dis¬ 
section  and  visual  examination  of  the  digestive  tract 
for  the  presence  of  Leishmania  parasites  under  a  mi¬ 
croscope.  Although  this  method  is  not  appropriate  for 
use  during  military  operations  because  it  is  time  con¬ 
suming  and  requires  a  high  level  of  training,  visual 
observation  of  Leishmania  parasites  in  the  vector  re¬ 
mains  the  best  method  of  conclusively  incriminating  a 
particular  species  of  sand  fly  as  a  vector  and  is  still 
widely  used  (Adini  et  al.  1998,  Rossi  et  al.  2009).  The 
development  of  immunological  methods  in  general, 
and  the  enzyme-linked  immunosorbent  assay 
(ELISA)  in  particular,  revolutionized  the  field  of  vec¬ 
tor  diagnostics  (Beier  2002).  The  ELISA  assay  has 
been  widely  used  to  evaluate  sand  flies  for  the  pres¬ 
ence  of  Leishmania  parasites  (Adini  et  al.  1998).  Al¬ 
though  ELISA  assays  are  capable  of  testing  large  num¬ 
bers  of  arthropods  very  rapidly,  they  are  not  routinely 
used  during  military  operations  because  of  the  amount 
of  equipment  required  and  reliance  on  a  cold  chain. 
The  need  for  assays  that  could  be  readily  used  for 
vector  surveillance  in  areas  without  extensive  labora¬ 
tory  facilities  and/ or  a  cold  chain  (e.g.,  during  military 
deployments)  led  to  the  development  of  a  series  of 
hand-held  immunochromatographic  assays  used  for 
malaria  (Ryan  et  al.  2001)  and  arbovirus  (Ryan  et  al. 
2003)  surveillance.  The  Walter  Reed  Army  Institute  of 
Research  (WRAIR,  Silver  Spring,  MD)  and  VecTOR 
Test  Systems  (Thousand  Oaks,  CA)  recently  initiated 
efforts  to  develop  a  hand-held  assay  for  the  detection 
of  Leishmania  parasites  in  sand  flies. 

Although  hand-held  immunochromatographic  as¬ 
says  are  ideal  for  field  use,  specificity  and  sensitivity  of 
the  assays  can  be  lower  than  desired.  Polymerase 
chain  reaction  (PCR)  assays  are  typically  highly  sen¬ 
sitive  and  specific  and  can  serve  as  stand-alone  screen¬ 
ing  assays  or  as  confirmatory  assays.  PCR  assays  tar¬ 
geting  a  wide  variety  of  genes  or  genomic  sequences 
have  been  widely  used  to  detect  Leishmania  parasites 
in  sand  flies  (Paiva  et  al.  2006,  Rossi  et  al,  2009),  and 
in  some  cases  are  capable  of  detecting  as  few  as  three 
parasites  in  a  single  sand  fly  (Aransay  et  al.  2000, 
Michalsky  et  al.  2002) .  Traditional  PCR  equipment  has 
become  cheaper,  lighter,  and  easier  to  use;  however, 
requirement  for  gels,  multi-step  procedures,  and  the 
risk  of  contamination  still  preclude  routine  use  under 
field  conditions.  The  development  of  fluorogenic  or 
real-time  PCR  assays  has  overcome  many  of  the  lim¬ 
itations  of  traditional  PCR  and  offers  great  potential 
for  use  during  military  deployments.  Real-time  PCR 
assays  have  recently  been  used  to  detect  Leishmania 


spp.  parasites  in  sand  flies  in  Italy  (Gomez-Saladn  et 
al.  2005)  and  Iraq  (Coleman  et  al.  2006). 

We  have  previously  described  the  general  situation 
that  the  U.S.  military  encountered  at  Tallil  Air  Base 
(TAB),  Iraq,  in  March  2003  and  discussed  the  factors 
that  led  to  the  establishment  of  a  Leishmaniasis  Con¬ 
trol  Program  by  the  520th  Theater  Army  Medical  Lab¬ 
oratory  (TAML),  the  Army  787th  Preventive  Medi¬ 
cine  Detachment,  and  the  Public  Health  Section  of  the 
407th  Expeditionary  Medical  Support  Unit  (Coleman 
et  al.  2004, 2005, 2006) .  We  subsequently  described  the 
general  biology  of  phlebotomine  sand  flies  at  TAB  to 
include  species  diversity  and  temporal  and  geographic 
distribution  of  the  sand  flies  (Coleman  et  al.  2007),  as 
well  as  an  evaluation  of  methods  for  the  collection  of 
sand  flies  (Burkett  et  al.  2007) .  In  this  study,  we  report 
our  efforts  to  detect  and  identify  Leishmania  parasites 
in  sand  flies  collected  at  TAB. 

Materials  and  Methods 

Collection  of  Sand  flies.  Methods  used  for  the  col¬ 
lection  of  sand  flies  have  been  described  previously 
(Coleman  et  al.,  2006,  2007).  In  brief,  sand  flies  were 
collected  in  unbaited  CDC  miniature  light  traps 
(model  512;  John  W,  Hock  Company,  Cainesville,  EL) 
beginning  in  April  2003  and  continuing  thru  October 
2004.  Traps  were  placed  at  1800  hours  local  time  and 
collected  by  0800  hours  the  following  day.  On  return 
to  the  field  laboratory,  collection  cups  containing 
the  sand  flies  were  placed  in  a  —  70°C  freezer  to  kill  the 
sand  flies.  Sand  flies  were  separated  by  sex,  and  the 
numbers  of  male  and  female  sand  flies  were  recorded. 
Ten  percent  to  15%  of  the  female  sand  flies  and  95% 
of  the  male  sand  flies  were  placed  in  cryotubes  con¬ 
taining  70%  ethanol  and  shipped  to  the  WRAIR  where 
randomly  selected  specimens  were  identified  to  spe¬ 
cies.  Eighty-five  percent  to  90%  of  the  female  sand  flies 
and  5%  of  the  male  sand  flies  (included  as  negative 
controls)  were  placed  in  pools  of  1-20  (separated  by 
sex)  in  cryotubes  containing  100%  ethanol  for  subse¬ 
quent  testing  for  Leishmania  parasites  using  a  real¬ 
time  (fluorogenic)  PCR  assay.  These  samples  were 
stored  at  —  70°C  until  tested. 

DNA  Extraction.  The  QIAamp  DNA  Mini  Kit  (cat¬ 
alog  51306;  Qiagen,  Valencia,  CA)  was  used  to  extract 
DNA  from  pools  of  sand  flies.  Procedures  used  were 
as  follows.  Ethanol  from  each  vial  was  removed  with 
a  pipette,  and  180  p,l  of  ATL  buffer  was  added  to  each 
vial.  Sand  flies  were  triturated  using  a  mortar  and 
pestle  until  no  discernible  parts  were  visible.  Twenty 
microliters  of  Proteinase  K  was  added  to  each  tube, 
and  the  tube  was  vortexed  for  15  s  and  incubated  at 
56°C  for  12  h.  The  tube  was  briefly  centrifuged  to 
collect  the  liquid  into  the  bottom  of  the  tube,  and  200 
p,l  of  AL  buffer  was  added,  followed  by  vortexing  for 
15  s  and  incubation  for  10  min  at  70°C.  Two  hundred 
microliters  of  100%  ethanol  was  added,  and  the  tube 
was  briefly  vortexed  and  centrifuged,  after  which  the 
contents  of  each  tube  were  placed  in  a  QIAamp  Spin 
Column  and  centrifuged  at  8,000  rpm  for  2  min  in  a 
microcentrifuge.  The  QIAamp  Spin  Column  was 
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placed  in  a  clean  2-ml  collection  tube,  and  500  /rl  of 
AWl  buffer  was  added  followed  by  centrifugation  at 
8,000  rpm  for  2  min  in  a  microcentrifuge.  The  QIAamp 
Spin  Column  was  placed  in  a  clean  2-ml  collection 
tube,  and  500  pi  of  AW2  buffer  was  added,  followed 
by  centrifugion  at  13,200  rpm  for  3  min  in  a  micro¬ 
centrifuge.  The  QIAamp  Spin  Column  was  placed  in 
a  clean  2-ml  collection  tube,  and  50  pi  of  AE  buffer  was 
added,  followed  by  incubation  at  room  temperature 
for  5  min  and  centrifugion  at  8,000  rpm  for  1  min  in  a 
microcentrifuge.  An  additional  50  pi  of  AE  buffer  was 
added  to  the  QIAamp  Spin  Column,  followed  by  in¬ 
cubation  at  room  temperature  for  5  min  and  centri¬ 
fugion  at  8,000  rpm  for  1  min  in  a  microcentrifuge. 
Each  tube  containing  *<100  pi  of  sample  was  labeled 
and  stored  at  4°C  if  the  PCR  was  to  be  performed 
within  3  d  or  at  —  20°C  if  the  PCR  was  to  be  performed 
>3  d  later. 

Real-time  PCR  Assays.  Samples  were  initially  tested 
using  a  Leishmania-generic  real-time  PCR  assay  de¬ 
veloped  by  Wortmann  et  al.  (2001 ) .  The  assay  was  mod¬ 
ified  so  that  each  reaction  contained  one  puReTaq 
Ready-to-Co  PCR  bead  (Amersham  Riosciences,  Pis- 
cataway,  NJ),  6  niM  MgCl2,  800  nM  of  each  primer 
(I.EIS  LI,  I.EIS  Ul),  120  nM  of  probe  (I.EIS  PI),  and 
2.0  pi  of  template  DNA.  Samples  with  a  mean  cycle 
threshold  (Ct)  value  of  40  were  considered  negative. 
Approximately  10%  of  negative  samples  were  ran¬ 
domly  selected  and  retested  using  the  same  real-time 
PCR  assay.  Samples  with  a  mean  Ct  value  of  <40.0 
were  considered  potentially  positive  and  were  re¬ 
tested  at  least  one  additional  time.  Samples  that  tested 
positive  the  second  time  were  considered  “presump¬ 
tive  positives”  (positive  both  times  tested),  whereas 
samples  that  tested  negative  the  second  time  were 
tested  a  third  time.  Samples  testing  positive  on  this 
third  test  (positive  two  of  three  times  tested)  were 
considered  “presumptive  positives,”  whereas  samples 
that  tested  negative  the  third  time  (positive  one  of 
three  times  tested)  were  considered  indeterminate 
(i.e.,  could  not  determine  whether  they  were  true 
positives  or  true  negatives).  A  summary  of  the  algo¬ 
rithm  for  determining  the  infection  status  of  the  sand 
flies  is  presented  in  Pig.  1. 

Three  separate  laboratories  conducted  real-time 
PCR  testing  including  the  TAME,  an  Air  Force  Rio- 
logical  Assessment  Team  (RAT) ,  and  the  WRAIR.  The 
TAME  and  the  EAT  were  located  at  TAR,  whereas 
the  WRAIR  is  located  in  Silver  Spring,  MD.  Although 
the  same  Leishmania-generic  real-time  PCR  assay  de¬ 
scribed  above  was  used  by  each  of  the  three  labora¬ 
tories,  the  assay  was  run  using  a  different  instrument 
at  each  laboratory  including  a  Smartcycler  used  by 
WRAIR,  a  Light  cycler  (Roche  Diagnostics,  Easel, 
Switzerland)  used  by  the  TAME,  and  an  R.A.P.i.d. 
used  by  the  EAT. 

Conventional  PCR.  Samples  that  tested  positive  for 
Leishmania  DNA  using  the  genus-specific  real-time 
PCR  assay  were  further  characterized  using  conven¬ 
tional  PCR.  Two  markers  were  chosen  to  characterize 
and  differentiate  Leishmania  species:  glucose-6-phos- 
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Fig.  1.  Summary  of  the  process  used  to  detect  and  iden¬ 
tify  Leishmania  parasites  present  in  sand  flies  collected  at 
Tallil  Air  Base,  Iraq. 


phate-isomerase  (CPI)  and  a  putative  intergenic 
spacer  informally  named  “Hyper.” 

A  360-bp  fragment  of  CPI  was  amplified.  A  first- 
round  PCR  primer  set  and  a  second-round  nested  PCR 
primer  set  were  selected  based  on  the  only  Leishmania 
CPI  sequence  (accession  number  X78206)  contained 
in  CenRank  at  the  time  of  the  primer  design.  The  four 
primers  used  included  LM21  F  (exterior  forward:  5'- 
CCA  AGA  CAT  TCA  CTA  CAC  AGG-3'),  LM24R 
(exterior  reverse:  .5'-GGT  GAA  TCA  GCT  GGT  AGA 
ATG-3'),  LM22  F  (interior  forward:  5'-CGT  TGC 
CCT  ATC  CAC  CAA  CAC-3'),  and  LM2,3R  (interior 
reverse:  5'-CCT  TTG  CCG  TTG  CTC  TCC  ATG-3'). 
The  first  and  second  round  PCR  reactions  were  con¬ 
ducted  as  follows.  Each  2.5-p,l  reaction  contained  one 
puReTaq  Ready-to-Go  PCR  bead  (Amersham  Bio¬ 
sciences,  Piscataway,  NJ) ,  10  pmol  of  each  primer,  and 
2  pi  of  template  DNA,  either  Leishmania  DNA  as 
purified  above  or  2  pi  of  the  first  round  PCR  reaction. 
Cycling  conditions  for  all  reactions  included  an  initial 
denaturation  at  94°C  for  2  min  followed  by  35  cycles 
of  denaturation  at  94°C  for  30  s,  annealing  at  50°C  for 
30  s,  and  extension  at  72°C  for  45  s,  with  a  final  ex¬ 
tension  at  72°C  for  7  min.  Reactions  were  performed 
using  an  MJ-Research  PTC-100  Thermal  Cycler  (MJ 
Research,  Watertown,  MA).  Appropriate  negative 
(water)  and  positive  controls  were  included  in  all 
reaction  sets.  Positive  samples  were  verified  on  a  1.5% 
agarose  gel  containing  ethidium  bromide  by  visual¬ 
ization  of  a  band  of  the  expected  size  using  a  transil¬ 
luminator. 

“Hyper”  seems  to  be  an  intergenic  region  flanked 
upstream  by  a  gene  encoding  a  GTP-binding  protein 
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Table  1.  Evaluation  of  sand  flies  for  Leishmania  parasites  using  a  Leishmania-geneA'ic  real-time  PCR  assay 


Testing 

unit" 

Negative  pools 

Indeterminate  pools 

Positive  pools 

All  pools 

No. 

pools 

Mean  flies 
per  pool 
(SD) 

Ct 

(SD) 

No. 

pools 

Mean  flies 
per  pool 
(SD) 

Ct  (SD) 

No. 

pools 

Mean  flies 
per  pool 
(SD) 

Ct  (SD) 

No. 

pools 

Mean  flies 
per  pool 
(SD) 

WRAIR 

1,31,5 

8.7  (.5.41) 

40(-) 

80 

10.5  (4,38) 

39.1  (1,03) 

445 

12.6  (3.69) 

30.6  (4.80) 

1,840 

9.7  (.5.27) 

TAML 

542 

13.4  (3.86) 

40(-) 

29 

12.6  (5,42) 

37.8  (1.26) 

129 

14.2  (2.91) 

29.6  (4,65) 

700 

13.5  (3.79) 

BAT 

137 

11.6  (4.79) 

40(-) 

0 

N/A 

36 

14.8  (0,96) 

29.2  (3.60) 

173 

12.3  (4.47) 

All 

1,969 

10.1  (.5.42) 

40(-) 

80 

10.5  (4,38) 

38.6  (0.93) 

4,56 

12.7  (3.67) 

30.3  (4.69) 

2,,505 

10.6  (.5.20) 

“  One  hundred  eighty  pools  were  tested  by  both  WRAIR  and  the  TAML,  and  28  pools  were  tested  by  both  WRAIR  and  the  BAT. 
Ct,  cycle  threshold. 


and  downstream  by  a  gene  encoding  a  protein  of 
unknown  function  in  L.  braziliensis  (Fu  et  al.  1998),  L. 
infantum  (Peacock  et  al.  2007),  L.  major  (Ivens  et  al, 
2005),  and  several  other  Leishmania  species  (Moulton 
et  al.,  unpublished  data) ,  The  entire  spacer  region  was 
amplified  and  sequenced  using  primers  positioned  at 
the  3'  end  of  the  GTP  gene  (5'-GCACGAGGA- 
CATCTGCCTCG-3')  and  the  5'  end  (5'-GGTT- 
GGGTGGGTGGGGGTAGTT-3')  of  the  downstream 
gene.  Gomparisons  between  sequences  from  a  handful 
of  strains  of  both  L.  donovani  and  L.  infantum  (includ¬ 
ing  a  putative  L.  chagasi)  showed  no  intraspecific 
polymorphism  and  10  putative  species-specific  differ¬ 
ences:  9  point  mutations  and  a  single  nucleotide  in¬ 
sertion/deletion,  The  ^600-bp  region  sequenced  in 
this  study  was  amplified  using  visceral  Leishmania- 
specific  primers  (5'-GGTGGAGTGGGGGAG-3'  and 
5'-YGGTGGAAGAAAAAGM-3')  and  possesses  four 
substitution  (all  transitions)  differences  and  one  point 
deletion /insertion  event  between  L.  donovani  and  L. 
infantum /chagasi  (Moulton  et  al.,  unpublished  data). 

DNA  Sequencing.  All  samples  for  which  GPl  was 
successfully  amplified  using  conventional  PGR  were 
either  sequenced  at  the  U.S.  Army  Medical  Research 
Institute  of  Infectious  Diseases  (USAMRllD)  at  Ft. 
Detrick,  MD,  or  under  commercial  contract  to  Agen- 
court  Riosciences  (Beverly,  MA) .  In  brief,  procedures 
for  sequencing  were  as  follows.  The  PGR  amplification 
product  remaining  after  gel  electrophoresis  was  pu¬ 
rified  using  the  QlAquick  PGR  purification  kit 
(Qiagen)  according  to  the  manufacturer’s  instruc¬ 
tions.  Automated  sequencing  was  performed  using  an 
ABl  3100  genetic  analyzer  and  a  Big-Dye  vl.l  or  v3.1 
sequencing  kit  (PE  Biosystems,  Foster  Gity,  GA)  ac¬ 
cording  to  the  manufacturer’s  instructions.  Primer, 
excess  nucleotides,  and  buffer  were  removed  from  the 
Big-Dye  sequencing  reaction  by  eluting  the  material 
from  a  Sephadex  G-50  (Amersham  Biosciences) 
column  equilibrated  with  water. 

Sequencing  of  “Hyper”  was  conducted  at  the  Uni¬ 
versity  of  Tennessee  and  differed  procedurally  as  fol¬ 
lows:  PGR  products  were  electrophoresed  in  1%  aga¬ 
rose,  excised  from  the  gel,  and  purified  using  a 
QiaQuick  Gel  Extraction  Kit  (Qiagen);  sephadex- 
cleaned  sequencing  reactions  were  electrophoresed 
through  a  6%  polyacrylamide  gel  using  an  MJ  Research 
BaseStation  100  Automated  DNA  Sequencer  (Bio- 
Rad,  Hercules,  GA)  and  analyzed  using  Gartographer 
1.2.7  software;  and  sequences  from  opposing  strands 


were  reconciled  and  verified  for  accuracy  using  Se- 
quencher  4.2.2  (Gene  Godes,  Ann  Arbor,  Ml). 

Phylogenetic  Analysis.  GPl  sequences  were  aligned 
using  the  MegAlign  program  (Lasergene  analysis  soft¬ 
ware;  DNASTAR,  Madison,  Wl),  and  sequence  ends 
were  trimmed  to  a  uniform  length.  Phylogenetic  anal¬ 
yses  of  aligned  sequences  were  performed  using  the 
GlustalW  method  (Higgins  et  al.  1996)  with  a  gap 
penalty  of  15  and  a  gap  length  of  6.66,  The  phyloge¬ 
netic  tree  generated  by  MegAlign  is  a  rooted  tree  with 
the  number  of  substitution  events  indicated  at  the 
bottom  of  the  tree.  Bootstrap  replication  was  used  to 
evaluate  the  strength  of  the  clustering  analysis.  Un¬ 
known  sample  sequences  were  compared  with  se¬ 
quences  determined  for  known  culture  isolates  and  to 
other  sequences  present  in  GenBank, 

Results 

Leishmania-generic  Real-time  PCR  Assay.  A  total  of 
2,505  pools  containing  26,574  sand  flies  collected  at 
Tallil  Air  Base  was  tested  using  a  Leishmania-generic 
real-time  PCR  assay  (Table  1).  These  pools  included 
2,479  pools  containing  26,177  female  sand  flies  and  26 
pools  containing  397  male  sand  flies  (included  as  neg¬ 
ative  controls).  The  species  of  sand  flies  contained  in 
each  pool  were  not  determined;  however,  prior  stud¬ 
ies  indicated  that  Phlebotomus  papatasi  Scopoli,  Phle- 
botomus  alexandri  Sinton,  and  Sergentomyia  spp.  were 
the  predominant  sand  flies  collected  at  TAB  (Coleman 
et  al.  2007) .  The  TAML  and  the  BAT  tested  700  and  173 
pools,  respectively,  in  Raq,  whereas  1,840  pools  were 
shipped  to  the  United  States  and  were  tested  at  the 
WRAIR  in  Silver  Spring,  MD.  The  pools  tested  at  the 
WRAIR  included  180  pools  that  had  been  previously 
tested  by  the  TAML  and  28  that  had  been  tested  by 
the  BAT. 

A  total  of  1,969  pools  (78.6%ofallpoolstested)  were 
negative  for  Leishmania  DNA  (Table  1),  including 
1,943  pools  containing  19,569  female  sand  flies  and  all 
26  pools  containing  397  male  sand  flies.  A  randomly 
selected  sample  of  192  (9.8%)  negative  pools  was  re¬ 
tested  using  the  same  real-time  PCR  assay — all  of 
these  pools  were  negative  on  retesting.  A  total  of  536 
pools  (21.4%  of  all  pools  tested)  containing  6,608  fe¬ 
male  sand  flies  tested  positive  for  Leishmania  DNA 
using  the  real-time  PCR  assay.  Each  of  these  pools  was 
subsequently  retested.  After  all  retesting  was  com¬ 
pleted,  a  total  of  456  pools  were  considered  positive. 
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Table  2.  Comparison  of  real-tmie  PCR  assay  results  for  samples  that  were  tested  on  different  PCR  platforms  at  different  laboratories 


Lab“ 

Initial  test  laboratory  results 

WRAIR  results 

Correlation 

Initial  result 

No. 

samples 

Mean  CC 
(SD) 

Mean  Ct 
(SD) 

No.  negative 
(%) 

No.  indeterminate 
(%) 

No.  positive 
(%) 

BAT 

Positive 

28 

28.64  (3.62) 

30.49  (3.91) 

0(0) 

0(0) 

28  (100) 

0,86 

TAML 

Negative 

25 

40.00  (0.00) 

40.00  (0,00) 

25  (100) 

0(0) 

0(0) 

1.00 

TAML 

Indeterminate 

31 

38.11  (1.27) 

38.66  (2.24) 

19  (61) 

4  (13) 

8  (26) 

0.05 

TAML 

Positive 

124 

30.88  (5.08) 

29.45  (4,42) 

7(6) 

3(2) 

114  (92) 

0.84 

°  The  PCR  platforms  used  by  the  BAT,  TAML,  and  WRAIR  were  the  Idaho  Technology  RAPID,  the  Roche  Lightcycler,  and  the  Cepheid 
Smartcycler,  respectively, 

^  The  Ct  value  is  the  no.  of  cycles  at  which  the  sample  was  considered  positive.  A  lower  Ct  value  would  correlate  with  more  Leishmania 
DNA  present  in  a  sample.  A  Ct  value  of  40  is  considered  negative. 

^  Pearson  correlation. 


and  80  pools  were  considered  indeterminate  (Table 

1 )  .  Assuming  that  only  a  single  sand  fly  in  each  pool 
was  positive,  the  minimum  field  infection  rate  was 
2.33%  (456/19,569). 

In  addition  to  the  above  studies,  we  also  tested  a 
total  of  290  individual  sand  flies  that  had  been  iden¬ 
tified  to  species  (P.  papatasi,  P.  alexandri,  or  P.  ser- 
genti)  or  genus  (Sergentomyia) .  Four  of  114  (3.5%)  P. 
alexandri  tested  positive  using  the  Leishmania-geneiic 
real-time  PCR  assay.  Unfortunately,  we  were  unable 
to  determine  the  species  of  parasite  using  either  se¬ 
quencing  or  a  real-time  PCR  assay  specific  for  para¬ 
sites  that  cause  visceral  leishmaniasis.  All  other  indi¬ 
vidual  sand  flies,  to  include  77  Sergentomyia  spp.,  94  P. 
papatasi  and  five  P.  sergenti,  were  negative  when 
tested  using  the  real-time  PCR  assay. 

Agreement  Retween  Real-time  PCR  Results  Ob¬ 
tained  by  Different  Laboratories.  Recause  three  sep¬ 
arate  laboratories  were  involved  in  the  testing  of  sand 
flies,  we  evaluated  agreement  between  PCR  results  for 
all  samples  that  were  tested  at  multiple  laboratories 
(Table  2) .  A  total  of  180  samples  were  tested  by  both 
the  WRAIR  and  the  TAML  and  28  by  the  WRAIR  and 
the  HAT,  All  28  samples  tested  initially  by  the  HAT 
using  the  R.A.P.i.d.  and  subsequently  by  the  WRAIR 
using  the  Smartcycler  were  positive  for  Leishmania  at 
both  laboratories.  Although  there  were  significant  dif¬ 
ferences  (paired-samples  t-test:  P  <  0.001,  t  =  4.819, 
df  =  27)  in  the  mean  Ct  values  obtained  by  the  two 
laboratories;  there  was  a  strong  positive  correlation 
(r^  =  0.86,  Pearson’s  correlation)  between  the  results 
obtained  by  the  two  laboratories  (Table  2). 

Of  the  180  samples  initially  tested  by  the  TAML 
using  the  Lightcycler,  25  were  considered  negative, 
124  were  positive,  and  31  were  indeterminate  (Table 

2) .  All  25  negative  samples  were  also  negative  when 
retested  by  the  WRAIR.  Of  the  124  samples  that  were 
considered  positive  when  tested  by  the  TAML,  114 
(92%)  were  also  considered  positive  when  retested  by 
the  WRAIR;  however,  7  (6%)  were  considered  neg¬ 
ative  and  3  (2%)  were  indeterminate.  Although  there 
were  significant  differences  (paired-samples  f-test: 
P  <  0.001,  t  =  5.836,  df  =  123)  in  the  mean  Ct  values 
obtained  by  the  two  laboratories;  there  was  a  strong 
positive  correlation  (i"®  =  0.84,  Pearson’s  correlation) 
between  the  results  obtained  by  the  two  laboratories 
(Table  2).  Of  the  31  samples  considered  indetermi¬ 


nate  by  the  TAML,  19  (61%)  were  negative  when 
retested  by  the  WRAIR,  whereas  8  (26%)  were  con¬ 
sidered  positive  and  4  (13%)  were  considered  inde¬ 
terminate.  There  was  a  poor  correlation  (r^  =  0.05, 
Pearson’s  correlation)  in  the  results  obtained  by  the 
two  laboratories  for  these  samples. 

Analysis  of  the  GPI  Gene.  A  total  of  35  known 
species/ strains  of  Leishmania  served  as  references  for 
identification  and  phylogenetic  analysis  of  Leishmania 
DNA  extracted  from  pools  of  sand  flies  (Table  3).  In 


Table  3.  Leishmania  strains  used  as  positive  controls  for  PCR 
and  sequencing  reactions 


Leishmania 

species 

Strain 

Infectious  to 
humans 

Disease 

caused 

L.  chagasi 

PP-75 

Yes 

VL 

L.  donooani 

DD8 

Yes 

VL 

L.  donovani 

LV9 

Yes 

VL 

L.  donovani 

LV9a 

Yes 

VL 

L.  infantum 

LP49D 

Yes 

VL 

L.  infantum 

LP53D 

Yes 

VL 

L.  infantum 

LP59H 

Yes 

VL 

L.  infantum 

UA973 

Yes 

VL 

L.  mexicana 

UA  1182 

Yes 

CL 

L.  mexicana 

UA  2336 

Yes 

CL 

L.  major 

CSU 

Yes 

CL 

L.  major 

Jericholl 

Yes 

CL 

L.  major 

LRC  490 

Yes 

CL 

L.  major 

LRC  496 

Yes 

CL 

L.  major 

R1 

Yes 

CL 

L.  major 

Pt3 

Yes 

CL 

L.  major 

Pt4 

Yes 

CL 

L.  major 

WR2551 

Yes 

CL 

L.  major 

WR2580 

Yes 

CL 

L.  major 

ATCC  50122 

Yes 

CL 

L.  major 

ATCC  50123 

Yes 

CL 

L.  tropica 

EP40 

Yes 

CL 

L.  tropica 

EP81 

Yes 

CL 

L.  tropica 

EP82 

Yes 

CL 

L.  tropica 

EP87 

Yes 

CL 

L.  tropica 

EP97 

Yes 

CL 

L.  tropica 

EPIOO 

Yes 

CL 

L.  tropica 

LRCL 

Yes 

CL 

L.  tropica 

LRC  L590 

Yes 

CL 

L.  tropica 

WR1063 

Yes 

CL 

L.  tarentolae 

ATCC  30143 

No 

— 

L.  adleri 

LV30 

No 

— 

L.  braziliensis 

UA859 

Yes 

MC 

L.  gerhilli 

ATCC  50121 

No 

— 

L.  aristedsi 

TCC  50124 

No 

— 

VL,  visceral  leishmaniasis;  CL,  cutaneous  leishmaniasis;  MC,  mu¬ 
cocutaneous  leishmaniasis. 
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Table  4.  Initial  analysis  of  the  GPI  gene"  from  sand  flies  that  were  positive,  negative,  or  indeterminate  for  Leishmania  DNA  using  a 
Leis/imonta-generic  real-tune  PCR  assay 


PCR  result 

Sequencing  result 

Total 

Leishmania  GPI 

Anopheles-like  GPI 

Other  GPI 

Negative 

Negative 

0  (0.0%) 

12  (92.3%) 

0  (0.0%) 

1  (7.7%) 

13 

Indeterminate 

3  (3.8%) 

67  (83.8%) 

7  (8.8%) 

3  (3.8%) 

80 

Positive 

281  (64.0%) 

1.53  (34.9%) 

1  (0.2%) 

4  (0.9%) 

439 

Total 

284  (53.4%) 

232  (43.6%) 

8  (l.,5%) 

8  (1.5%) 

.532 

"  Three  hundred  sixty-base  pair  region  of  the  GPI  gene. 

addition,  DNA  from  three  species  of  phlebotomine 
sand  flies  Lutzomyia  longipalpis  (Lutz  and  Neiva),  P. 
papatasi,  and  Phlebotomus  argentipes  (Annandale  and 
Brunetti)  that  had  been  colonized  at  the  WRAIR 
served  as  negative  controls.  These  laboratory-reared 
sand  flies  repeatedly  tested  negative  for  the  presence 
of  Leishmania  DNA  using  the  real-time  PCR  assay.  A 
conventional  PCR  assay  that  was  designed  to  amplify 
a  360-bp  section  of  the  GPI  gene  was  used  to  generate 
PCR  products  for  sequencing  from  532  pools  of  field- 
collected  sand  flies,  to  include  13  negative  pools,  4.39 
Leishmania-positive  pools,  and  80  Leishmania-indeter- 
minate  pools  (using  the  real-time  PCR  assay;  see  Table 
4) .  Seventeen  of  the  456  samples  that  were  considered 
positive  after  real-time  PCR  analysis  were  not  avail¬ 
able  for  sequencing,  primarily  because  of  insufficient 
sample. 

PCR  amplification  and  subsequent  sequencing  were 
successful  for  524  (98%)  of  the  532  pools  evaluated 
(Table  4) .  Leishmania  GPI  was  detected  in  284  (53%) 
of  the  pools,  including  281  (64%)  of  the  439  PCR- 
positive  samples  and  3  (4%)  of  the  80  PCR-indeter- 
minate  samples.  Leishmania  GPI  was  not  detected  in 
any  of  the  13  PCR-negative  samples  or  in  any  of  the 
laboratory-colonized  sand  flies.  Although  the  PCR  am¬ 
plifications  and  sequencing  were  successful  for  the 
remaining  240  samples,  the  sequences  did  not  match 
any  known  Leishmania  sequences.  However,  232  of 
these  sequences  had  >80%  homology  to  the  GPI  gene 
from  Anopheles  gambiae  str.  PEST  (GenBank  acces¬ 
sion  no.  XM  320366),  and  8  were  a  close  match  to 
other  non-Leishmania  GPI  sequences.  The  Anopheles¬ 
like  sequences  were  detected  in  92%  (12/13)  of  the 
PCR-negative  pools,  in  84%  (67/80)  of  the  PCR-in- 
determinate  pools,  and  in  100%  (6/6)  of  the  labora¬ 
tory-colonized  sand  flies;  however,  these  sequences 
were  only  detected  in  35%  (153/439)  of  the  real-time 
PCR-positive  pools  (Table  4). 

A  phylogenetic  comparison  of  the  different  se¬ 
quences  determined  for  the  Leishmania  parasites  de¬ 
tected  in  the  sand  fly  pools  is  presented  in  Pig.  2.  The 
species  identities  of  the  field  samples  were  determined 
based  on  a  cluster  analysis  and  comparison  to  the 
sequences  determined  for  known  Leishmania  para¬ 
sites.  A  representative  sampling  of  the  Anopheles-like 
sequences  is  included  in  this  cluster  analysis.  Of  the 
284  sequences  identified  as  Leishmania,  only  23  were 
from  medically  important  species:  18  (6.3%)  were  L. 
donovani-complex  parasite  sequences,  3  (1.1%)  were 
L.  tropica  (Wright)  sequences,  and  2  (0.7%)  contained 


sequences  that  were  similar  to  both  L.  major  and  L. 
tropica  (Table  5).  These  latter  parasites  are  hence¬ 
forth  referred  to  as  L.  major / tropica-ldse.  Minimum 
field  infection  rates  (assuming  a  single  infected  fly  per 
positive  pool)  were  0.09%  for  L.  donovani-complex 
parasites,  0.02%  for  L.  tropica,  and  0.01%  for  the  L. 
major /troihca-like  parasites.  The  overwhelming  ma¬ 
jority  (261;  91.9%)  of  isolates  were  identified  as  L. 
tarentolae  Wenyon,  a  Leishmania  parasite  normally 
associated  with  gecko  lizards  (Wallbanks  et  al.  1985, 
Elwasila  1988). 

Because  of  the  fact  that  many  of  the  samples  that 
tested  positive  for  Leishmania  DNA  using  the  Leish- 
rnania-genenc  real-time  PCR  assay  failed  to  yield 
Leishirmnia-GPl  sequence  data,  we  compared  the  real¬ 
time  PCR  Ct  values  against  the  sequencing  data  ob¬ 
tained  for  the  same  sample  (Table  6) .  As  the  mean  Ct 
values  increased  (weaker  reaction) ,  the  proportion  of 
samples  that  resulted  in  the  identification  of  Leishma- 
nia-GPl  sequences  decreased,  whereas  the  proportion 
of  other  non-Leishnumia-GPl  sequences  increased. 
Eor  example,  99%  of  the  samples  with  a  mean  Ct  value 
of  <26  matched  known  Leishmania  spp.  sequences, 
whereas  only  3%  of  the  samples  with  a  mean  Ct  value 
of  £38  matched  any  known  Leishmania  spp.  se¬ 
quences  (Table  6). 

Analysis  of  the  “Hyper”  Gene.  Because  analysis  of 
the  GPI  gene  could  not  differentiate  between  L.  do- 
novani  and  L.  infantum,  we  subsequently  sequenced  a 
600-bp  region  of  the  intergenic  region  “Hyper”  from  12 
samples  that  sequencing  of  the  GPI  gene  had  identi¬ 
fied  as  L.  donovani-complex  parasites.  Sequencing  of 
the  “Hyper”  gene  indicated  that  all  12  of  these  samples 
contained  L.  infantum,  but  not  L.  donovani,  as  evi¬ 
denced  by  the  presence  of  all  five  putative  L.  infan- 
tum-specific  mutations  (four  substitutions,  one  point 
deletion /insertion)  and  no  L.  donovani-speci&c  mu¬ 
tations,  either  alone  or  in  conjunction  with  those  of  L. 
infantum  (i.e.,  polymorphisms  would  indicate  co-pres¬ 
ence). 

Temporal  Distribution  of  Leishmania-inkected 
Sand  Flies.  Figure  3  presents  the  temporal  distribution 
of  all  Leishmania-infected  sand  flies  as  determined  by 
the  Leishmania-generic  real-time  PCR  assay  and 
shows  the  individual  distribution  for  sand  flies  in¬ 
fected  with  L.  donovani-complex  parasites,  L.  major! 
tropica-like  parasites,  and  L.  tarentolae  parasites  as 
determined  by  sequencing  of  the  GPI  gene.  Infected 
sand  flies  were  collected  as  early  as  late  April/ early 
May  2003,  with  the  first  PCR-positive  sand  fly  col- 


May  2009 


Coleman  et  al.:  Detection  of  Leishmania  in  Sand  Flies 


655 


[ft 


76.0 


65.3 


884-001  g 

916-OOIc 

966-001  d 

WR*1157a 

WR-1711jj 

449-0013 

481 -001c 

808-001  a 

1358-001d 

1290-001d 

1097-001  a 

1061-OOIb 

916-OOIc 

966-OOId 

1031-001a 

820-001  b 

1 393-001  b 

1005-001a 

449-001  a 

WR-1711ij 

L  infantum  EP59H  (control) 

L  chagasi  PP75  (control) 

L  braziiiansls  UAe59  (control) 
WR-IOOOa 
Putnam  352f 
L  donovani  DD8  (control) 

L  tropica  EP82  (control) 
166-001S3 


yA 


82.4  166-001q1 

166-001x4 

L  tropica  EP87  (control) 

826-001  a 

^  L  major  LRC490  (control) 

'  WR-675g 
946-001  h 

Lgerbilli  50121  (control) 

100.  LaristedsiATCC  501 24  (control) 

I  L  mexicana  UA1 182  (control) 
j—  Putnam  ^7f 

JT - Putnam  113b 

J-  WR-509b 
-Jl —  329-001  a 
J  I-  751-OOId 
I  921-OOIb 

QQ  q  -  1045-001b 

LtarentolaeLVl  08  (control) 

L  tarentolae  ATCC  30143  (control) 
L  gymnodactyli  LV247  (control) 

‘  adleri  LV30  (control) 


j  Lxa 

JL  LU 
If  Lgy 
1-  La 


lOOl 


100 


98.7 


d 


WR-213e 
WR-1005k 
1141-OOld 
854-OOIb 
WR-016PP 
819-OOlC 
166-00113 
WR-014e 
876-001C 
1444^X)1a 


B 


>  C 


“1“ 

25 


“1“ 

20 


“1“ 

15 


“1“ 

10 


Anopheles  sequence  XM_320366  (control^ 
- 1 


Nucleotide  Substitutions  (xlOO) 


Fig.  2.  Phylogenetic  tree  based  on  the  alignment  of  a  360-bp  fragment  of  the  glucose  6-phosphate  isomerase  gene  from 
Leishmania  spp.  amplified  from  sand  flies  collected  at  Tallil  Air  Base,  Iraq.  Duplicate  sample  sequences  have  been  removed 
to  condense  the  tree.  Samples  in  bold  are  field  isolates;  all  others  are  known  culture  isolates.  (A)  Medically  important 
Leishmania  spp.,  L.  infantum,  L.  major,  L.  tropica,  L.  donovani,  L.  chagasi,  and  L.  mexicana.  (B)  Nonmedically  important 
Leishmania  spp.,  L.  tarentolae.  (C)  Anopheles  GPI-like  and  other  GPI  sequences. 


lected  on  23  April  2003  and  the  first  sequence-positive 
sand  fly  detected  on  3  May  2003.  Overall  infection 
rates,  as  determined  by  the  Leishmania-generic  real¬ 
time  PCR  assay,  rose  from  f  .2%  in  April  and  May  to  a 
high  of  2.3%  in  July,  followed  by  a  decrease  in  August 
and  September,  Infection  rates  for  L.  tarentolae  were 
similar  to  the  overall  real-time  PCR  positive  rates 


except  that  they  were  lower  and  that  no  positive  pools 
were  detected  in  April.  Infection  rates  for  L.  donovani- 
complex  parasites  were  ^lO-fold  lower  than  that  de¬ 
termined  for  L.  tarentolae,  with  positive  sand  flies 
collected  from  May  throughAugust.  Sand  flies  in¬ 
fected  with  L.  tropica  and  L.  major!  tropica-\jke  para¬ 
sites  were  only  collected  in  May  and  June. 


Table  5.  Detailed  analysis  of  the  GPI  gene“  from  284  samples  initially  identified  as  positive  for  Leishtnania  parasite  DNA  using  a 
Leislimania-generic  real-time  PCR  assay 


Sequence  results 

Real-time 

PCR-positive  samples 

Real-time  PCR 
indeterminate  samples 

Minimum  infection  rate  (#  positive 
pools/total  #  sand  flies) 

L.  donovani-complex 

17  (6.04%) 

1  (33.33%) 

0.09%  (18/19,569) 

L.  major/tropica-\ike 

2  (0.71%) 

0 

0.01%  (2/19,569) 

L.  tropica 

2  (0.71%) 

1  (33.335%) 

0.02%  (3/19,569) 

L.  tarentolae 

260  (92., 53%) 

1  (33.33%) 

1.33  (261/19,569) 

All  Leishmania 

281  (100%) 

3  (100%) 

1.45%  (284/19,569) 

Three  hundred  sixty-base  pair  region  of  the  GPI  gene. 
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Table  6.  Relationship  between  the  cycle  threshold  (Cl)  values  for  the  Leishmania-generic  real-linie  PCR  assay  and  the  proportion  of 
samples  determined  to  be  positive  on  retesting  using  the  same  PCR  assay  and  by  sequencing  of  a  portion  of  the  GPI  gene 


Ct  value 

Real-time  PCR  assay  results 

Sequencing  results 

No. 

samples 

No.  {%) 
negative" 

No.  {%) 
positive" 

No.  (%) 
indeterminate" 

No. 

sequenced 

No.  (%) 
Leishmania 

No.  (%) 
other 

40 

1,969 

1,969  (100%) 

0  (0%) 

0  (0%) 

12 

0  (0%) 

13  (100%) 

38-39.99 

75 

0  (0%) 

3  (4%) 

72  (96%) 

74 

3  (4%) 

71  (96%) 

36-37.99 

76 

0  (0%) 

69  (91%) 

7  (9%) 

76 

8  (11%) 

68  (89%) 

34-3.5.99 

.52 

0  (0%) 

.52  (100%) 

0  (0%) 

51 

11  (22%) 

40  (  78%) 

32-33.99 

56 

0  (0%) 

55  (98%) 

1  (2%) 

47 

19  (40%) 

28  (60%) 

30-31.99 

68 

0  (0%) 

68  (100%) 

0  (0%) 

66 

47  (71%) 

19  (29%) 

28-29.99 

60 

0  (0%) 

60  (100%) 

0  (0%) 

,59 

52  (88%) 

7  (12%) 

26-27.99 

48 

0  (0%) 

48  (100%) 

0  (0%) 

45 

44  (98%) 

1  (2%) 

<26 

101 

0  (0%) 

101  (100%) 

0  (0%) 

101 

100  (99%) 

1  (1%) 

Total 

2,.505 

1,969  (79%) 

456  (18%) 

80  (3%) 

.531 

284  (53%) 

248  (47%) 

“  The  determination  as  to  whether  the  initial  real-time  PCR  assay  result  was  positive,  negative,  or  indeterminate  was  based  on  retesting  of 
the  sample  using  the  same  real-time  PCR  assay,  as  outlined  in  Figure  1. 


Geographic  Distribution  of  Leishmania-infected 
Sand  Flies.  The  geographic  distribution  of  sand  flies 
infected  with  L.  donoMfu'-complexparasites,  L.  tropica 
parasites,  and  L.  major /tropicaAiike  parasites  is  pre¬ 
sented  in  Fig.  4.  The  18  pools  that  contained  L.  dono- 
vani-complex  parasites  were  collected  at  nine  differ¬ 
ent  locations,  including  several  areas  where  high 
densities  of  U.S.  military  personnel  were  located.  In¬ 
fection  rates  at  the  different  locations  ranged  from  a 
low  of  0.04%  to  a  high  of  0.43%.  The  combination  of 
the  temporal  and  the  geographic  data  suggests  that 
L.  donovani-complex  parasites  are  widely  distrib¬ 
uted  at  TAB. 

Interestingly,  all  three  pools  of  sand  flies  in  which  L. 
tropica  was  detected  were  collected  from  the  same 
light  trap  on  3  May  2003  (Fig.  4).  Because  this  was 
somewhat  surprising,  a  more  thorough  evaluation  of 
the  data  are  provided  for  the  sand  flies  that  were 
collected  in  this  trap.  This  trap  was  placed  ^5  m  from 


a  house  and  was  not  located  near  any  caves  or  burrows 
of  potential  reservoir  animals.  Of  the  700  sand  flies 
collected  on  3  May,  625  were  separated  into  91  pools 
and  tested  using  the  real-time  PCR  assay.  Thirteen  of 
the  91  pools  initially  tested  positive  for  Leishmania. 
However,  after  retesting,  five  pools  were  considered 
presumptive  positives,  whereas  eight  were  considered 
indeterminate.  Samples  for  all  13  of  these  pools  were 
subsequently  sequenced.  L.  tropica  was  detected  in 
three  of  the  five  presumptive  positive  pools  and  L. 
tarentolae  in  a  fourth  presumptive  positive  pool.  Leish- 
mania-QFl  sequences  were  not  detected  in  any  of  the 
eight  indeterminate  pools  or  in  one  of  the  five  pre¬ 
sumptive  positive  pools.  Although  all  three  L.  tropica- 
positive  pools  were  detected  during  the  same  real¬ 
time  PCR  assay  run,  the  first  positive  sample  was 
separated  from  the  second  positive  sample  by  6  neg¬ 
ative  samples,  whereas  the  second  positive  sample  was 
separated  from  the  third  positive  sample  by  19  nega- 


Sand  fly  Infection  Rates 


Fig.  3.  Infection  rates  of  phlebotomine  sand  flies  infected  with  Leishmania  spp.  parasites  as  listed  by  month  at  Tallil  Air 
Base.  Rates  for  L.  donovani-complex,  L.  major! tropica-\ike,  and  L.  tarentolae  parasites  were  based  on  sequencing  of  a  360-bp 
region  of  the  glucose-6-phosphate  isomerase  gene,  whereas  overall  Leishmania-positive  rates  were  based  on  the  Leishmania- 
generic  real-time  PCR  assay. 
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Fig.  4.  Distribution  of  L.  donovani-complex,  L.  tropica,  and  a  L.  major/tropica-like  parasite  at  Tallil  Air  Base,  Iraq.  The 
height  of  the  bar  corresponds  to  the  percent  of  sand  flies  that  tested  positive  for  the  indicated  Leishmania  spp. 


five  samples.  These  data  suggest  that  these  were  true 
positive  pools  and  that  they  did  not  result  from  the 
cross-contamination  of  samples. 

Both  sand  fly  pools  that  contained  the  L.  major/ 
trofrica-\i\se  GPI  sequences  were  collected  from  the 
same  light  trap;  however,  one  sample  was  collected  on 
21  June  2003  and  one  on  30  June  2003  (Fig.  4) .  One  of 
two  pools  collected  on  21  June  and  one  of  19  pools 
collected  on  30  June  tested  positive  by  both  real-time 
PCR  and  sequencing  for  the  L.  major /tropica-\ike  GPI 
sequences.  The  fact  that  the  two  L.  major /tropica-\ike 
samples  were  detected  on  different  days  and  that  a 
number  of  samples  adjacent  to  both  of  these  positive 
samples  were  negative  suggests  that  both  of  these 
samples  represent  true  positives  and  that  they  were 
not  the  result  of  cross-contamination  during  either  the 
DNA  extraction  process  or  the  real-time  PCR  proce¬ 
dure. 

The  geographic  distribution  of  L.  tarentolae-in- 
fected  sand  flies  is  presented  in  Fig.  5.  L.  tarentolae 
was  detected  in  sand  flies  collected  throughout 
TAB,  with  infection  rates  ranging  from  a  low  of 
0,12%  to  a  high  of  2.61%.  Sand  flies  infected  with  L. 
tarentolae  were  not  collected  at  the  site  where  the 
L.  tropica— infected  sand  flies  were  collected;  how¬ 
ever,  they  were  collected  in  all  locations  where  sand 
flies  infected  with  L.  major  and  L.  donovani-complex 
parasites  were  found. 


Discussion 

In  this  study,  we  provided  the  first  in-depth  exam¬ 
ination  of  Leishmania  infection  rates  in  sand  flies  col¬ 
lected  at  Tallil  Air  Base,  Iraq,  Although  our  data  have 
direct  relevance  for  those  military  personnel  who 
were  actually  stationed  at  TAB,  our  conclusions  may 
have  a  bearing  on  all  military  personnel  deployed  to 
Iiaq. 

Visceral  Leishmaniasis  at  TAB.  Our  data  showed 
that  parasites  that  cause  visceral  leishmaniasis  (e.g.,  L. 
donovani-complex  parasites)  posed  a  threat  to  military 
personnel  stationed  at  TAB  in  2003  and  2004.  Our  data 
also  showed  that  L.  infantum  s.  str.  was  the  only  L. 
donovani-complex  parasite  detected  at  TAB,  Although 
the  overall  minimum  field  infection  rate  for  the  L. 
donovani-complex  parasites  was  only  0.09%,  the  rate 
was  much  higher  at  certain  sites  and  at  certain  times 
of  the  year.  For  example,  at  one  site,  the  overall  rate 
for  2003  and  2004  was  0.43%  (Fig.  4) ;  however,  the  rate 
for  July  2003  was  1.0%  (2/198).  At  another  site,  the 
overall  rate  was  0.41%;  however,  the  rate  for  May  and 
June2003  was  1.43%  (1/70)  and  1,64%  (1/61),  respec¬ 
tively.  Although  our  procedures  did  not  allow  us  to 
determine  whether  these  infected  sand  flies  were  ca¬ 
pable  of  transmitting  L.  donovani-complex  parasites  or 
whether  they  were  feeding  on  humans,  a  number  of 
facts  suggest  that  individuals  living  at  TAB  were  at  risk. 


658 


Journal  of  Medical  Entomology 


Vol.  46,  no.  3 
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Fig.  5.  Distribution  of  L.  tarentolae  at  Tallil  Air  Base,  Iraq.  The  height  of  the  bar  corresponds  to  the  percent  of  sand  flies 
that  tested  positive  for  L.  tarentolae. 


These  facts  include  the  following:  (1)  as  many  as  1  of 
every  61  flies  collected  at  certain  sites /times  at  TAB 
was  infected  with  L.  donovani-complex  parasites;  (2) 
many  military  personnel  living  in  areas  where  L.  do¬ 
novani-complex  parasites  were  detected  reported  be¬ 
ing  bitten  by  sand  flies,  with  some  units  reporting  up 
to  75%  of  the  soldiers  receiving  up  to  1,000  bites  in  a 
single  night  (Coleman  et  al.  2006);  (3)  Phlebotomiis 
alexandri,  a  suspected  vector  of  L.  infantum  in  the 
Middle  East  (Azizi  et  al.  2006),  was  the  primary  spe¬ 
cies  of  sand  fly  collected  at  TAB  and  accounted  for  30% 
of  all  specimens  collected  (Coleman  et  al.  2007);  (4) 
P.  alexandri  is  known  to  readily  feed  on  humans  (Azizi 
et  al.  2006);  and  (5)  many  canids,  including  feral  and 
semidomesticated  dogs  and  golden  jackals  {Canis  au- 
reas  L. ) ,  were  found  throughout  TAB  and  could  have 
potentially  served  as  disease  reservoirs  (Gramiccia 
and  Gradoni  2005). 

Historically,  visceral  leishmaniasis  in  Iraq  was  most 
commonly  diagnosed  in  the  Greater  Baghdad  area  and 
was  not  considered  a  threat  in  the  southern  part  of  the 
country.  However,  since  1991,  the  disease  has  been 
reported  in  areas  where  it  was  previously  unknown  or 
very  rare,  to  include  the  Thi-Qar  Governate,  the  prov¬ 
ince  where  TAB  is  located  (World  Health  Organiza¬ 
tion,  2003).  Between  1989  and  2001,  the  reported  in¬ 
cidence  of  visceral  leishmaniasis  in  Iraq  ranged  from 
a  low  of  2.6  per  100,000  (491  total  cases)  in  1989  to  a 
high  of  20.0  per  100,000  (3,866  total  cases)  in  1992 


(World  Health  Organization  2003) .  Iraqi  physicians  in 
An  Nasiriyah,  a  small  city  located  «“20  km  to  the 
northeast  of  TAB,  reported  that  visceral  leishmaniasis 
caused  by  L.  infantum  has  been  a  growing  problem 
since  the  late  1990s,  with  several  hundred  children 
hospitalized  each  year  (GOL  P.  Weina,  personal  com¬ 
munication).  Visceral  leishmaniasis  caused  by  L.  do- 
novani  has  not  been  reported  in  this  area.  This  infor¬ 
mation  suggests  that  the  L.  donovani-complex 
parasites  identified  in  sand  flies  collected  at  TAB  are 
likely  L.  infantum  and  not  L.  donovani.  Our  analysis  of 
the  “Hyper”  gene  of  12  of  the  19  L.  donovani-complex 
positive  samples  confirms  that  L.  infantum  was  present 
at  TAB. 

To  date,  only  three  military  personnel  deployed  to 
Iraq  since  2003  have  developed  visceral  leishmaniasis, 
with  none  of  these  three  individuals  known  to  have 
spent  time  at  TAB.  Nevertheless,  we  believe  that  doz¬ 
ens  or  even  hundreds  of  individuals  stationed  at  TAB 
may  have  been  exposed  to  parasites  that  cause  visceral 
leishmaniasis,  recognizing  that  exposure  does  not  con¬ 
stitute  infection.  The  fact  that  more  symptomatic 
cases  have  not  yet  occurred  in  deployed  military  per¬ 
sonnel  is  not  unexpected  because  visceral  leishmani¬ 
asis  caused  by  L.  infantum  has  historically  been  con¬ 
sidered  a  disease  of  young  children  who  are 
malnourished  and/ or  immunocomprimized  (Eenech 
1997).  Iraqi  physicians  in  An  Nasiriyah  reported  that 
95%  of  the  cases  of  visceral  leishmaniasis  in  the  region 
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occur  in  malnourished  children  who  are  <1  yr  of  age, 
with  99%  of  the  cases  occurring  in  children  <5  yr  of 
age  (COL  P.  Weina,  personal  communication) ,  In  the 
Mediterranean  basin,  symptomatic  visceral  leishman¬ 
iasis  in  adults  is  almost  exclusively  a  result  of  concom¬ 
itant  infection  with  L.  infantum  and  human  immuno¬ 
deficiency  virus  (Fenech  1997,  Dedet  and  Pratlong 
2000) .  The  fact  that  deployed  military  personnel  are 
presumably  healthy,  well-fed,  immune-competent 
adults  suggests  that  the  risk  of  developing  symptom¬ 
atic  visceral  leishmaniasis  is  low;  however,  a  number 
of  factors  suggest  that  there  may  be  potential  long¬ 
term  concerns  involving  the  disease.  Although  L.  in¬ 
fantum  primarily  exists  as  an  asymptomatic  infection 
(Le  Fichoux  et  al,  1999,  Sakru  et  al.  2007),  asymptom¬ 
atic  carriers  can  become  symptomatic  after  suppres¬ 
sion  of  their  immune  system  (Dedet  and  Pratlong 
2000),  The  high  rate  of  asymptomatic  L.  infantum 
infections  in  the  Mediterranean  basin  (Le  Fichoux  et 
al.  1999,  Riera  et  al.  2004,  Sakru  et  al.  2007)  only 
became  apparent  as  a  result  of  an  outbreak  of  symp¬ 
tomatic  visceral  leishmaniasis  infections  that  resulted 
from  concomitant  HIV  infections  (Molina  et  al.  200.3) . 
The  visceral  leishmaniasis  outbreak  led  to  an  increase 
in  surveillance  and  detection  of  the  asymptomatic 
visceral  leishmaniasis  infections.  A  variety  of  data  sug¬ 
gest  that  Leishmania  parasites  can  persist  in  the  body 
for  life,  even  after  successful  treatment  of  symptom¬ 
atic  individuals  (Bogdan  and  Rollinghoff  1998).  Mo¬ 
rales  et  al.  (2001)  reported  the  detection  of  L.  infan¬ 
tum  in  the  blood  of  HIV-infected  patients  for  several 
years,  whereas  Svobodova  et  al.  (2003)  found  that 
asymptomatic  laboratory  rats  harbored  L.  tropica  for 
several  years.  These  data  suggest  that  individuals 
asymptomatically  infected  with  parasites  that  cause 
visceral  leishmaniasis  at  TAB  could  develop  symptom¬ 
atic  leishmaniasis  at  a  later  date  or,  even  if  remaining 
asymptomatic,  could  serve  as  a  reservoir  capable  of 
infecting  other  individuals  through  a  variety  of  mech¬ 
anisms.  Leishmania  parasites  are  a  known  threat  to  the 
blood  supply  (Cardo  2006)  and  can  be  transmitted 
through  blood  transfusions  (Dey  and  Singh  2006). 
Although  Colomba  et  al.  (2005)  found  that  none  of  .500 
blood  donors  in  Italy  had  wXi-Leishmania  antibodies, 
Riera  et  al.  (2004)  reported  that  sera  from  7.6%  of 
randomly  selected  blood  donors  in  Spain  tested  pos¬ 
itive  by  Western  blot  for  parasites  that  cause  visceral 
leishmaniasis,  whereas  Le  Fichoux  et  al.  (1999)  found 
that  sera  from  76  of  .56.5  (13.5%)  blood  donors  in 
southern  France  contained  Leishmania-speci&c  anti¬ 
bodies,  including  nine  serum  samples  (1.65%)  that 
were  positive  by  culture.  In  addition  to  the  well-doc¬ 
umented  threat  to  the  blood  supply,  a  limited  set  of 
data  suggests  that  Leishmania  parasites  can  be  trans¬ 
mitted  congenitally  in  mice  (Rosypal  and  Lindsay 
2005) ,  dogs  (Rosypal  et  al,  2005) ,  and  humans  (Eltoum 
et  al.  1992,  Meinecke  et  al.  1999) .  Riera  and  Valladares 
(1996)  also  showed  the  presence  of  viable  L.  infantum 
parasites  in  the  urine  and  semen  of  experimentally 
infected  dogs.  In  addition  to  the  potential  threat  of 
person-to-person  transmission  through  any  of  these 
mechanisms,  asymptomatically  infected  military  per¬ 


sonnel  could  potentially  infect  sand  flies  present  in  the 
United  States,  although  little  information  is  available 
regarding  the  ability  of  North  American  sand  flies  to 
transmit  L.  donovani-complex  parasites.  Canine  leish¬ 
maniasis  caused  by  infection  with  L.  infantum  has 
emerged  as  a  significant  problem  in  the  United  States 
(Rosypal  et  al.  2003) ,  yet  the  role  of  endemic  sand  flies 
in  its  maintenance  and  transmission  has  not  been  elu¬ 
cidated  (Ostfeld  et  al.  2004).  However,  Svobodova  et 
al.  (2003)  found  that  asymptomatic  laboratory  rats 
were  capable  of  infecting  sand  flies  for  several  years 
after  being  infected  with  L.  trofnca.  To  date,  no  com¬ 
parable  studies  have  been  conducted  with  L.  infantum. 

Although  it  is  impossible  to  determine  what  pro¬ 
portion  of  the  infected  sand  flies  at  TAB  was  capable 
of  transmitting  Leishmania,  the  fact  that  sand  flies 
infected  with  L.  donovani-complex  parasites  were 
found  throughout  much  of  TAB  suggests  that  the 
threat  to  military  personnel  may  have  been  wide¬ 
spread  (Fig.  4) .  Likewise,  although  the  exact  number 
of  individuals  actually  exposed  to  parasites  that  cause 
visceral  leishmaniasis  may  never  be  determined,  be¬ 
cause  there  are  currently  no  FDA-licensed  tests  that 
can  be  used  to  assess  exposure,  these  data  suggest  that 
undetected,  asymptomatic  visceral  leishmaniasis  may 
pose  a  future  problem  for  U.S.  military  personnel  who 
deployed  to  Iraq, 

Cutaneous  Leishmaniasis.  To  date,  all  but  three  of 
the  >2,000  cases  of  leishmaniasis  reported  in  U.S. 
military  personnel  deployed  to  Iraq  since  200.3  have 
been  cutaneous  leishmaniasis  caused  by  L.  major 
(COL  P.  Weina,  personal  communication).  The  ma¬ 
jority  of  these  cases  occurred  in  personnel  stationed 
along  the  Iranian  border  northeast  of  Baghdad  or  in 
the  vicinity  of  Tal  Afar  in  Northern  Iraq.  Although  it 
is  difficult  to  determine  the  exact  number  of  cutaneous 
leishmaniasis  cases  that  were  acquired  in  the  vicinity 
of  TAB,  the  infectious  diseases  physician  assigned  to 
the  TAML  estimates  that  <25  cases  of  cutaneous  leish¬ 
maniasis  occurred  at  TAB  (COL  P.  Weina,  personal 
communication).  Of  the  284  pools  of  sand  flies  in 
which  Leishmania  parasites  were  confirmed  by  se¬ 
quencing,  only  three  pools  were  positive  for  L.  tropica 
and  two  for  a  parasite  that  is  similar  to  both  L.  major 
and  L.  tropica.  Because  L.  tropica  was  only  detected  in 
sand  flies  collected  from  a  single  trap  on  3  May  200.3, 
this  suggests  that  the  parasite  was  much  more  focal 
than  either  the  L.  donovani-complex  parasites  or  L. 
tarentolae,  which  were  much  more  widely  distributed 
temporally  and  geographically.  Although  we  were  not 
able  to  determine  the  species  of  sand  fly  that  was 
infected  with  L.  tropica,  [mt35%  (19/52)  of  all  female 
P.  sergenti  identified  during  the  course  of  this  study 
were  collected  between  22  Apr  and  10  May  2003,  with 
most  of  these  collected  within  100  m  of  where  the  L. 
trcTfrica-infected  sand  flies  were  captured.  Phleboto- 
mus  sergenti  is  a  known  vector  of  L.  tropiea  in  the 
Middle  East  (Svobodova  and  Votypka  200.3)  and  has 
been  found  throughout  Iraq  (Sukkar  1974,  Sukkar  et 
al.  1985).  The  detection  of  L.  tropica  in  sand  flies 
collected  in  early  May  2003  has  prompted  speculation 
regarding  the  mammalian  reservoir  that  could  have 
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served  as  the  source  of  infection.  Although  humans  are 
believed  to  be  the  primary  reservoir  of  L.  tropica  in 
urban  areas  (Jacobson  2003),  this  is  probably  not  the 
case  at  TAB  because  all  Iraqi  military  and  civilian 
personnel  had  vacated  the  base  by  23  March  2003. 
Because  sand  flies  were  not  active  at  TAB  until  mid- 
April,  the  explanation  that  adult  sand  flies  had  become 
infected  with  L.  tropica  after  feeding  on  an  infected 
Iraqi  in  2002  seems  unlikely,  because  phlebotomine 
sand  flies  are  believed  to  overwinter  as  eggs  and  larvae 
and  not  as  adults  (Lawyer  and  Young  1991 ) .  It  is  more 
likely  that  sand  flies  became  infected  after  feeding  on 
an  unknown  animal.  Although  animals  are  believed  to 
be  the  reservoir  of  L.  tropica  in  rural  areas,  the  full  life 
cycle  is  still  being  studied  (Jacobson  2003),  and  the 
reservoir  in  Iraq  is  not  known.  Interestingly,  se¬ 
quences  for  two  of  the  three  L.  tropica  isolates  were 
100%  identical,  with  the  third  isolate  being  70%  iden¬ 
tical  to  the  other  two.  Because  all  three  isolates  were 
collected  on  the  same  day  from  the  same  trap,  it  is 
possible  that  the  same  reservoir  may  have  infected  two 
of  the  sand  flies,  whereas  a  different  reservoir  may 
have  infected  the  third  sand  fly.  The  two  L.  major! 
tropica-\jke  isolates  were  100%  identical,  and  the  fact 
that  the  sand  flies  from  both  positive  pools  were  col¬ 
lected  from  the  same  light  trap,  albeit  on  different 
days,  suggests  that  both  sand  flies  may  have  fed  on  the 
same  reservoir.  Additional  sequence  analysis  will  be 
necessary  to  determine  the  identity  of  the  two  L. 
major! tropica-liVe  parasites  and  whether  they  repre¬ 
sent  a  new  species  of  Leishmania  or  are  just  a  more 
divergent  form  of  either  L.  major  or  L.  tropica. 

Saurian  Leishmaniasis.  One  of  our  more  surprising 
findings  was  that  L.  tarentolae  accounted  for  >90%  of 
the  Leishmania-positive  samples  identified  from  sand 
flies  at  TAB,  with  L.  tarentolae-infected  sand  flies 
collected  at  all  sites  throughout  April  to  November, 
Although  L.  tarentolae  has  been  widely  used  as  a  model 
system  for  biochemistry  and  cell  biology  studies  (294 
citations  in  PubMed),  very  little  information  is  avail¬ 
able  on  the  natural  biology  of  this  blood-inhabiting 
protozoan.  Additionally,  confusion  has  surrounded 
the  taxonomy  of  saurian  Leishmania  in  general 
(Ovezmukhammedov  and  Safianova  1989)  and  L. 
tarentolae  specifically  (Simpson  and  Holz  1988,  Wall- 
banks  et  al,  1985),  Overall,  very  little  is  known  about 
the  transmission  of  saurian  Leishmania  (Bates  2007). 
Known  reservoirs  of  L.  tarentolae  are  various  species 
of  geckos,  to  include  Tarentola  mauritanica  L.,  T.  an¬ 
nularis  (Geoffrey  Saint-Hilaire),  and  Cyrtodactylus 
kotschyi  (Steindachner)  (Wallbanks  et  al.  1985,  El- 
wasila  1988),  whereas  Sergentomyia  spp.  sand  flies 
have  been  implicated  as  vectors  of  this  protozoan 
(Maroli  et  al.  1988).  Abul-Hab  and  Ahmed  (1984) 
reported  that  8  of  the  14  species  of  phlebotomine  sand 
flies  in  Iraq  belong  to  the  genus  Sergentomyia,  with 
some  species  being  the  predominant  phlebotomine 
sand  fly  in  a  given  area  and  at  certain  times  of  the  year. 
Although  no  effort  was  made  to  collect  any  reptiles  at 
TAB,  several  species  of  small  lizards  were  abundant 
and  presumably  served  as  reservoirs  of  L.  tarentolae. 
Likewise,  although  we  did  not  speciate  any  sand  flies 


other  than  Phlehotomus  spp.,  >45%  of  all  sand  flies 
collected  at  TAB  were  Sergentomyia  spp.  (Coleman  et 
al,  2007). 

Lew  studies  have  reported  detection  of  L.  tarentolae 
in  sand  flies.  In  one  study  in  Italy,  Maroli  et  al.  (1988) 
detected  L.  tarentolae  exclusively  in  Sergentomyia 
rninuta  Rondani.  Sukkar  (1985)  and  Sukkar  et  al, 
(1985)  reported  finding  flagellates  in  the  anterior  mid¬ 
guts  of  14  S.  bagfuladis  (Adler  and  Theodor)  and 
determined  that  flagellates  in  three  of  the  four  sand 
flies  examined  were  Leishmania  spp.  Isoenzyme  elec¬ 
trophoresis  characterization  of  two  of  the  Leishmania 
isolates  indicated  that  they  were  unlike  L.  infantum,  L. 
donovani,  L.  tropica,  L.  major,  or  L.  aethiopica  Bray, 
Ashford,  and  Bray;  however,  it  was  not  determined 
whether  they  were  L.  tarentolae. 

Because  we  did  not  separate  Phlehotomus  spp.  from 
Sergentomyia  spp.  before  testing,  it  was  not  possible  to 
determine  whether  L.  tarentolae  was  restricted  to  Ser¬ 
gentomyia  spp.  sand  flies.  However,  because  >45%  of 
all  phlebotomine  sand  flies  that  we  identified  at  TAB 
were  Sergentomyia  spp.  (Coleman  et  al.  2007),  it  is 
likely  that  most  of  the  L.  tarentolae— positive  sand  fly 
pools  contained  Sergentomyia  spp,  sand  flies.  To  fur¬ 
ther  assess  whether  L.  tarentolae  was  restricted  to 
Sergentomyia  spp.  sand  flies,  in  2005,  we  began  sepa¬ 
rating  Sergentomyia  spp.  from  Phlehotomus  spp.  before 
testing.  Of  12  pools  of  Phlehotomus  spp.  sand  flies  that 
tested  positive  for  Leishmania  DNA,  L.  tarentolae  DNA 
was  detected  in  11  (92%)  pools  and  L.  donovani-com- 
plex  parasites  in  1  (8%)  pool,  whereas  L.  tarentolae  was 
detected  in  all  13  (100%)  pools  of  Sergentomyia  sand 
flies  that  had  tested  positive  for  Leishmania  DNA  by 
using  the  real-time  PCR  assay.  These  data  indicate  that 
Phlehotomus  spp.  sand  flies  had  acquired  L.  tarentolae 
DNA;  however,  the  data  does  not  allow  us  to  deter¬ 
mine  whether  viable  parasites  were  present  or 
whether  the  sand  flies  were  capable  of  transmitting 
these  parasites.  Although  we  did  not  determine  the 
source  of  blood  contained  in  any  of  the  field-collected 
Phlehotomus  spp.  sand  flies,  the  data  suggest  that  some 
of  these  flies  had  fed  on  an  animal  infected  with  L. 
tarentolae,  presumably  a  lizard. 

Comparison  of  Real-time  PCR  and  Seqnencing.  In 
the  absence  of  a  true  reference,  it  is  difficult  to  de¬ 
termine  the  validity  of  a  test  result.  The  Leishmania- 
generic  real-time  PCR  assay  developed  by  Wortmann 
et  al.  (2001)  is  highly  sensitive  and  specific  for  cul¬ 
tured  Leishmania  parasites,  including  L.  major,  L. 
tropica,  and  L.  donovani-complex  parasites,  with  a  limit 
of  detection  of  <10  parasites.  Although  comprehen¬ 
sive  testing  of  this  assay  using  laboratory-infected  sand 
flies  at  the  WRAIR  had  previously  showed  that  this 
assay  is  both  sensitive  and  specific  for  L.  major,  before 
this  study  we  had  little  data  on  the  performance  of  this 
assay  for  the  detection  of  other  species  of  Leishmania 
in  sand  flies.  The  data  presented  in  Table  6  suggest  that 
a  Ct  value  that  is  >38  but  £40  should  be  considered 
indeterminate,  because  only  3%  of  the  samples  in  this 
range  were  considered  positive  after  retesting.  Assay 
repeatability  increased  markedly  when  Ct  values  were 
<38,  with  91%  of  samples  with  an  initial  Ct  value 
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between  36  and  37.99  considered  positive  after  retest¬ 
ing  and  100%  considered  positive  when  the  initial  Ct 
value  was  <36  (Table  6). 

We  had  initially  hoped  that  our  sequencing  results 
could  be  used  to  confirm  the  real-time  PCR  assay 
results;  however,  sequencing  only  detected  Leishma¬ 
nia  GPI  in  54%  (284/519)  of  the  samples  that  were 
considered  positive  or  indeterminate  by  PCR  (Table 
6).  There  was  a  clear  relationship  between  the  Ct 
value  and  the  proportion  of  samples  in  which  Leish¬ 
mania  GPI  was  detected,  with  the  proportion  of  sam¬ 
ples  with  Leishmania  GPI  increasing  as  the  Ct  value 
decreased.  For  example,  L^eishmania  GPI  was  only 
detected  in  22%  of  samples  with  a  real-time  PCR  Ct 
value  between  34  and  35.99,  whereas  Leishmania  GPI 
was  detected  in  99%  of  samples  with  a  Ct  value  of  <26 
(Table  6).  Recause  the  sequencing  assays  relied  on 
nested  PCR  to  generate  enough  DNA  to  work  with, 
the  nested  PCR  was  probably  not  as  sensitive  as  the 
real-time  PCR  assay  for  detecting  the  low  quantity  of 
parasite  DNA  present  in  the  samples.  Although  we 
believe  that  the  samples  that  were  positive  for  Leish¬ 
mania  by  real-time  PCR  but  negative  by  sequencing 
should  be  considered  true  positives  as  long  as  the 
real-time  PCR  results  are  repeatable,  we  also  believe 
that  it  is  critical  that  a  confirmatory  Leishmania-ge- 
neric  PCR  assay  be  developed.  An  ideal  confirmatory 
assay  would  be  as  sensitive  as  or  more  sensitive  than 
the  original  assay;  however,  would  target  a  different 
leishmania  gene.  Additionally,  results  from  this  study 
highlight  the  need  for  a  variety  of  species-specific 
assays,  as  well  as  the  need  for  an  assay  that  could 
differentiate  medically  important  leishmania  (e.g., 
parasites  that  cause  visceral  leishmaniasis,  L.  major 
and  L.  tropica)  from  nonmedically  important  Leish¬ 
mania  (e.g.,  L.  tarentolae). 

Summary.  In  this  paper,  we  highlighted  results  of 
our  Leishmania  surveillance  program  at  TAR,  Iraq. 
Although  our  recent  data  identifying  L.  tarentolae  as 
the  predominate  species  of  Leishmania  in  sand  flies  at 
TAR  has  tempered  our  concerns  about  the  high  in¬ 
fection  rates  initially  reported  in  sand  flies  (Coleman 
et  al.  2006),  parasites  that  cause  visceral  leishmaniasis 
have  emerged  as  a  potential  threat  to  military  person¬ 
nel  deployed  to  TAR.  Despite  the  low  number  of  cases 
of  visceral  leishmaniasis  reported  in  U.S.  military  per¬ 
sonnel  deployed  to  Iraq,  we  suggest  that  a  significant 
number  of  soldiers,  airmen,  and  marines  stationed  at 
TAR  may  have  been  exposed  to  parasites  that  cause 
visceral  leishmaniasis.  We  believe  that  an  FDA-ap¬ 
proved  method  of  assessing  exposure  of  military  ser¬ 
vice  members  to  this  parasite  is  urgently  needed. 
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